Introduction
Dendritic cells (DCs) are the specialized antigenpresenting cells that bridge the innate and adaptive immune responses, controlling both immunity and tolerance. DCs are derived from pluripotentials in bone marrow and divided into myeloid-derived DCs and lymphoid-related DCs. The progenitors of them may be induced to differentiate into distinct subsets of DCs with different functions using cytokines, such as granulocyte macrophage-colony stimulating factor (GM-CSF) [1] , thymic stromal lymphopoietin (TSLP) [2] and FMS-liketyrosine kinase-3 (FLT3) [3] or using cytokine cocktails containing GM-CSF +/-IL-4 [4] . For example, TSLPinduced DCs have ability to promote T cell homeostasis by expansion of both autologous and allogenic naïve T cells, to instruct regulatory T cell commitment from thymic CD4 + T cells by tweaking of CD4 + memory T cell phenotypes and to induce pro-allergic T cell formation, playing a critical role in atopic diseases [5] . Normally, the number of DCs circulating in the blood is very low. In the presence of both GM-CSF and IL-4, DCs generated from bone marrow precursors can be enriched by a large number just in a few days. By stimulation of Lipopolysaccharide (LPS), immature DCs can further develop into mature DCs, with the up-regulation of IL-12, MHC, CD86 and CD80 molecule expression [6] . Recently, Notch signaling has been shown to play an important role in differentiation of DCs via a cell-cell contact manner. Mesenchymal stem cells program hemopoietic progenitor cells into regulatory DCs through this signaling pathway [7] . Jagged-1, a Notch ligand, may play a key role in the differentiation of dendritic cells (DCs). Jagged-1 expresses in bone marrow stromal cells, which is involved in promoting accumulation of DC precursors [8] . Our previous findings indicate that Jagged-1 influences the differentiation and maturation of DCs, which is not very similar to LPS, providing important evidence for its development and application as a novel immunosuppressant [9] . But little is, to date, known as to morphology of Jagged-1-educated DCs, especially their nanostructure.
In comparison with scanning electron microscopy, atomic force microscopy (AFM) provides unique advantages. Samples can be imaged directly in air, vacuum or physiological liquid with nanometer lateral resolution. AFM is also used to evaluate cellular physical properties, such as elasticity and adhesive force [10] [11] [12] . AFM has been widely used in the last few years due to its great potential to image cells [13] . However, there are few reports to observe DCs using AFM. One study utilized AFM to explore activated leukocyte cell adhesion molecule (ALCAM)-mediated interactions between T cells and DCs [14] . Therefore, in this study, AFM was exploited to reveal nano-characterization of Jagged-1-educated DCs and to find out the relationship between morphology and function of them in the process of directing differentiation of naïve T cells. Our results indicate that Jagged-1-educated DCs are in a semi-mature status and differ morphologically and functionally from LPS-educated DCs, suggesting that the former may be a novel subset of DCs.
Experimental Procedures

Preparation of bone marrow cells.
Bone marrow-derived dendritic cells were generated according to Lutz's method [15] with slight modification. In brief, cervical cords in female Balb/c mice with 6-8 weeks old (Sun Yat-sen University, Guangzhou, China) were mechanically dislocated to sacrifice them. All animal handling and experimental procedures were approved by the Animal Care and Use Committee of Guangdong Medical Animal Center. After removing all muscle tissues from the femurs and tibias, intact bones were left in 70% ethanol for 2-5 min for disinfection and washed with PBS. Both ends were then cut with scissors and the marrow was washed with PBS through a syringe. Clusters within the marrow suspension were disintegrated by vigorous pipetting. The bone marrow cell suspension was centrifuged at 300×g for 5 min. The cells were collected, suspended in PBS by addition of red blood cell lysate for depletion of erythrocytes, and incubated at 37°C for 8 min in the dark. Cells were then washed with PBS 3 times at 300×g for 5 min. Lastly, the cells were harvested and resuspended in RPMI1640 (Gibco BRL, Gaithersburg, MD, USA) complete culture medium containing 10% (v/v) fetal bovine serum (FBS) (Gibco BRL), 2 mmol/L L-glutamine, 10 umol/L 2-mercaptoethanol (Sigma-Aldrich, St Louis, MO, USA), 100 U/mL penicillin and 100 ug/mL streptomycin, and adjusted to 2×10 9 /L.
Separation and induction of bone marrowderived dendritic cells
The above cells were seeded into a 6-well plate to the end volume of 2 mL per well, and 10.0 µg/L of rmGM-CSF (PeproTech, Rocky Hill, NJ, USA) plus 2.5 µg/L of rmIL-4 (Peprotech) were added to the corresponding wells in the plate and cultured at 37°C in an incubator containing 5% CO 2 to induce the differentiation of bone marrow cells into bone marrowderived dendritic cells. The cells were then fed once at one day intervals with the identical dose of rmGM-CSF plus rmIL-4 for 6 days. At the end of the cell induction, all the cells expressing CD11c in the different wells were isolated respectively using the Mouse CD11c Positive Selection Kit (EasySep 
Scanning electron microscopy
After the stimulation of LPS, the CD11c-positive cells grown on the coated glass were rinsed with PBS containing 0.5 mM MgCl 2 and 1 mM CaCl 2 , fixed at 4°C for 30 min with 2.5% glutaraldehyde in 0.1M phosphate buffer, pH 7.4, and post-fixed for 30 min with 1% osmium tetroxide in 0.1 M phosphate buffer, pH 7.4. The glass was gradually dehydrated in ethanol (30%, 50%, 70%, 90% and twice in 100% for 5 min at each step) and subjected to critical point drying using carbon dioxide as transitional medium. The samples were stored in a vacuum excitator to prevent putative deterioration by air humidity. They were then connected to stub holders with liquid silver paint to improve electrical conductivity and imaged using SEM (ESEM-30) with a field emission electron gun operating at standard high-vacuum settings.
AFM analysis
AFM observation was performed according to the reported method [10, 16] . The mica carrying the BMDCs was fixed for 20 min in 2% glutaraldehyde phosphate buffer at pH 7.4. Then, contact mode scanning was immediately performed using a commercial AFM (AutoProbe CP Research, Thermomicroscopes, Sunnyvale, CA, USA) in air at room temperature. The curvature radius of the silicon nitride tip was around 10 nm, and a force constant of about 2.8 N/m was used.
To obtain high resolution, we scanned samples at a rate of 0.3 Hz. All of the AFM images were flattened with the provided software (Thermomicroscopes Proscan Image Processing Software Version 2.1) to complete quantitative analysis (n=10 cells for each group).
The root-mean-square (rms) roughness and average roughness of the cell surface imaged in air was calculated using the AFM. The rms roughness (Rrms or Rq) and average roughness (Ra) was defined by the following formulas, where N is a total quantity of measured spots, Zn signifies the height of any spot and represents an average height of all the spots. The calculated Rrms and Ra refer only to the area shown in the top central part of the cells.
Flow cytometry
The CD11c-positive cells were harvested after the selection of immunomagnetic beads and the stimulation of LPS or Jagged-1 as described above. After being centrifuged, they were washed with PBS at 300×g for 5 min and resuspended in PBS. Then, the cells were stained with both 0.25 μg anti-CD11c-FITC and 0.25 μg anti-CD40-APC (eBioscience) per million cells in a 100-μl total volume. After being mixed gently on a vortex machine, they were placed at 4°C in the dark for 30 min, and then rinsed with PBS 2 times, and centrifuged at 300×g for 5 min. The expression level of CD11c on the surface of the cells was analyzed by flow cytometry (FAC-Scalibur, Becton Dickinson, Franklin Lakes, NJ, USA). A total of 5×10 3 events were analyzed for each determination, and calculated by CellQuest software (Becton Dickinson).
ELISA
The separated DCs were treated with or without LPS, Jagged-1 or DAPT for 24 h, as described above. Their culture supernatant was collected. The levels of IL-12 and IFN-γ in the supernatant were determined via enzyme linked immunosorbent assay (ELISA) with IL-12 ELISA Kit and IFN-γ ELISA Kit (Bender MedSystems, Burlingame, CA, USA) according to the manufacturer's protocols. Absorbance value was measured at 450 nm in 680 type microplate reader (Bio-Rad, Berkeley, CA, USA). The concentrations of IL-12 and IFN-γ were quantified acco
Western blot analysis
The separated DCs were treated with or without LPS, Jagged-1 or DAPT for 24 h, as described above and harvested, washed and resuspended. The cells were then lysed in 100 μL RIPA solution (BioColors, Shanghai, China) supplemented with 1 μL PMSF for 30 min on the ice and centrifuged at 12,000 rpm, 4°C for 20 min. The supernatants were collected and quantified through Bradford Assay. Serial samples equally loaded were run and separated on 10% SDS-PAGE (BIO-RAD, Berkeley, CA, USA), and transferred to nitrocellulose membranes (Amersham Biosciences, Piscataway, NJ, USA). The membranes were blocked in 5% skim milk dispensed with Tris-buffered saline containing 0.05% Tween-20 (TBST) overnight at 4°C. Afterwards they were washed with TBST, and the membranes were incubated with a rabbit anti-NICD primary antibody (Cell Signaling, Danvers, MA, USA) (1:1000) at room temperature for 1 hour. Following this, they were washed and incubated with a HRPconjugated goat anti-rabbit IgG secondary antibody (Cell Signaling) (1:2000) for an additional hour. For detection of Hes-1 and Deltex-1, the membranes were probed with goat anti-Hes-1 and goat anti-Deltex-1 primary antibodies (Santa Cruz biotechnology, Santa Cruz, CA, USA) (1:700) at room temperature for 2 h, and then incubated with a HRP-conjugated rabbit antigoat IgG secondary antibody (Santa Cruz) (1:50,000) for an additional hour. Finally, the specific bands were visualized by an enhanced chemiluminescence detection kit (Amersham Biosciences) according to the manufacturer's instructions. The band density was determined by FluorChem 8000 system (Alpha Innotech, Santa Clara, CA, USA).
Statistical analysis
Numerical data obtained from each experiment were expressed as mean ± SD, analyzed by SPSS 10.0 statistical package. The Student t-test was used for data comparison and a P value of less than 0.05 was considered statistically significant.
Results and Discussion
Nanostructure difference between Jagged-1-and LPS-educated DCs
DCs play a central role in the innate and adaptive immune system. It is reported that Jagged-1, a Notch ligand, may be crucial in the differentiation and maturation of DCs [17] . Jagged-1-educated DCs are of special phenotypes unlike DCs educated conventionally by LPS, suggesting that this subset of DCs may be functionally different than LPS-educated DCs [9] . However, to date, little is known as to nano-features of Jagged-1-educated DCs and there is no comparative study involving Jagged-1-educated DCs with LPS-educated DCs and GM-CSFinduced DCs. Compared with both optical microscopy and SEM, AFM has some unique advantages, such as clearer images, easy sample preparation, extensively disposed environments (in air or liquid allowing cells to "stay alive") of sample to escape from the damage of reagents, strong electrical field, and ultrahigh vacuum in electron microscopy [18, 19] . The features revealed by AFM could not have been seen by SEM. Therefore, AFM was utilized to visualize and quantify nanostructures of Jagged-1-educated DCs. AFM images included two and three dimension, low and high resolution, cell height profile and histogram, topography and roughness as well as particle size and number on the surface of the cells.
We found that six days post induction, GM-CSFinduced DCs appeared predominately round in loosely adhesive growth under a light microscope ( Figure 1A,D) . When observed using SEM, they were ridgy in shape with a relative smooth membrane surface at low resolution ( Figure 1G ) and high resolution ( Figure 1J ), demonstrating that they are mostly in an immature status. Compared with GM-CSF-induced DCs, no markedly morphological change of Jagged-1-educated DCs was observed under both a light microscope ( Figure 1B ,E) and SEM ( Figure 1H,K) . But under AFM, we found that (by induction of 10.0 µg/L of GM-CSF plus 2.5 µg/L of IL-4, then separated using immuno-magnetic separation) was observed under a light microscope (magnification: ×100 (A) and ×400 (D)); B and E, The morphology of Jagged-1-educated DCs (by addition of 5 mg/L of a soluble Jagged-1/Fc chimera protein after the induction and immuno-magnetic separation) was done under a light microscope (magnification: ×100 (B) and ×400 (E)); C and F, The morphology of LPS-educated DCs (by addition of 1 mg/L of LPS after the induction and immuno-magnetic separation) was also done under a light microscope (magnification: ×100 (C) and ×400 (F)); G and J, The images of GM-CSF-induced DCs were scanned by a scanning electron microscope (SEM) with different magnifications, including around ×1000 (G) and ×5000 (J); H and K, SEM images of Jagged-1-educated DCs were recorded with different magnifications, i.e. around ×1200 (G) and ×5000 (H); I and L, SEM images of LPS-educated DCs were recorded with different magnifications, i.e. around ×1200 (G) and ×5000 (H).
Figure 2.
Nanostructure characterization of Jagged-1-educated DCs. AFM was adopted to determine nanostructures of GM-CSF-induced DCs (by induction of 10.0 µg/L of GM-CSF plus 2.5 µg/L of IL-4, then using immuno-magnetic separation) (A-H), Jagged-1-educated DCs (by addition of 5 mg/L of a soluble Jagged-1/Fc chimera protein after the induction and immuno-magnetic separation) (I-Q), DAPTtreated DCs (by addition of 5 µmol/L of DAPT 2 h before adding Jagged-1 after the induction and immuno-magnetic separation) (R-Y) and LPS-educated DCs (by addition of 1 mg/L of LPS after the induction and immuno-magnetic separation) (Z-J1), to make quantitative analysis for them. A, I, R, Z and B1, three-dimensional images respectively from GM-CSF-induced DCs (A), Jagged-1-educated DCs (I), DAPT-treated DCs (R) and LPS-educated DCs (Z,B1); B, J, S and C1, topographies respectively from GM-CSF-induced DCs (B), Jagged-1-educated DCs (J), DAPT-treated DCs (S) and LPS-educated DCs (C1); C, K, T and D1, height profiles along the black lines (b, j, s and c1) drawn across the cells on B, J, S and C1 images, respectively; D, L, U, A1 and E1, full view images of GM-CSF-induced DCs (D), Jagged-1-educated DCs (L), DAPT-treated DCs (U) and LPS-educated DCs (A1,E1) at low resolution; E, N, V and G1, Enlarged views on the center of GM-CSF-induced DCs (E), Jagged-1-educated DCs (N), DAPT-treated DCs (V) and LPS-educated DCs (G1) in the same scanning area of 5 µm × 5 µm; F, O, W and H1, Enlarged view on the center of GM-CSF-induced DCs (F), Jagged-1-educated DCs (O), DAPT-treated DCs (W) and LPS-educated DCs (H1) in the same scanning area of 1 µm × 1 µm; M and F1, Enlarged view of the protrusion or pseudopodia or lamellapodia on the edge of Jagged-1-educated DCs (M) and LPS-educated DCs (F1) in the same scanning size of 5 µm × 5 µm; G, P, X and I1, topographies on the center of GM-CSF-induced DCs (G), Jagged-1-educated DCs (P), DAPT-treated DCs (X) and LPS-educated DCs (I1) in the same scanning area of 1 µm × 1 µm; H, Q, Y and J1, particle sizes on the membrane of GM-CSF-induced DCs (H), Jagged-1-educated DCs (Q), DAPT-treated DCs (Y) and LPS-educated DCs (J1).
the height (Figure 2K ), surface area ( Figure 3A) , width ( Figure 3B ), roughness including Rq and Ra ( Figure 3C ) of Jagged-1-educated DCs were significantly higher than GM-CSF-induced DCs. Especially, the particle size and number on the membrane surface of Jagged-1-educated DCs ( Figure 2N ,Q) was much more than those of GM-CSF-induced DCs ( Figure 2E,H) . Additionally, the small protrusion of Jagged-1-educated DCs was increased markedly ( Figure 2M ). These nano-features were impossibly observed through conventionally optical microscopy or SEM. DAPT, a γ-secretase inhibitor of Notch signaling pathway, is able effectively to prevent Jagged-1 from inducing activation of Notch signaling by inhibiting the final cleavage of the intracellular signaling peptide of Notch [20] . Consequently, it was used to treat DCs 1.5 h before adding Jagged-1. As shown on Figure 2R -Y, nano-properties of Jagged-1-educated DCs disappeared, indicating that nanostructure formation of Jagged-1-educated DCs may be associated with the activation of Jagged-1-Notch signal pathway.
It is well known that LPS, a TLR4 ligand, is a well characterized maturation agent for DCs and their maturation process is central for DCs to initiate an immune response. Thus, it is necessary to compare Jagged-1-educated DCs with LPS-educated DCs. Under both a light microscope and SEM, Jagged-1-educated DCs had dramatic differences in morphology from LPS-educated DCs. The volume, protrusions and surface ruffles of DCs were found less in Jagged-1-educated DCs ( Figure 1B ,E,H,K) than in LPS-educated DCs ( Figure 1C,F,I,L) . AFM images showed that the nano-properties of Jagged-1-educated DCs were discriminated remarkably from LPS-educated DCs. The volume, surface area, width, protrusion size and protrusion number of LPS-educated DCs ( Figure 2A1 , E1,F1), and particle size on their membrane ( Figure 2G1 ,J1) were more than those of the former. But there existed no difference of roughness between both treatments ( Figure 3C ). Specially, LPS-educated DCs displayed numerous processes when observed at low resolution ( Figure 2A1,E1) . The processes were either spiny or sheet-like. Furthermore, they formed the large veil that was longer than 8 μm as a sign of full maturation and the lengths of them were more than 30-40 μm. Generally speaking, the formation of roughness, particle size and number, protrusion and ruffles on the cell membrane is considered to be associated intimately with maturation of DCs. Therefore, based on the above different nanostructure characterization we can reasonably consider that the mature extent of Jagged-1-educated DCs is different from LPS-educated DCs, and is maintained in a "semimature" status. Thus, they both might exert a dissimilar function to mediate differentiation of T cells.
AFM scans the cell surface with a tip probe, whereas SEM uses an electron beam to obtain the image of cell surface [21] . We also noted that SEM image showed small depressions on the surface of the BMDCs, which look obvious in AFM image. The formation of these small depressions presented on the SEM image might be caused by alcohol dehydration or/and electron beam damage. By contrast, easy sample preparation without conductive coating could protect AFM image from damage of samples [18, 19] .
Potential function of Jagged-1-educated DCs
To evaluate whether the nanostructure characterization of Jagged-1-educated DCs was related to Jagged-1-Notch signaling pathway, Western blot was used to detect levels of NICD, Hes-1 and Deltex-1 proteins in DCs, respectively. The levels of NICD, Hes-1 and Deltex-1 proteins in Jagged-1-educated DCs were dramatically enhanced, which could be partially blocked by DAPT. But the expression of NICD, Hes-1 and Deltex-1 proteins in LPS-educated DCs was not affected by treatment with LPS ( Figure 4A-C) . These data supported that the Jagged-1-Notch signaling pathway inside Jagged-1-educated DCs was in a highly activated status, suggesting that the formation of Jagged-1-educated DCs might be relevant to the activation of the Jagged-1-Notch signaling pathway and that the formation of LPS-educated DCs might not be related mainly to the activation of the Jagged-1-Notch signaling pathway. It is well known that CD40 is a co-stimulating molecule expressed on the surface of DCs, representing one of mature DC phenotypes. Flow cytometry analysis showed that the percentage of the CD11c + CD40
+ cells educated with Jagged-1 ( Figure 4F ) was higher than that of GM-CSF-induced DCs ( Figure 4D ), but much lower than that of LPS-educated DCs (Figure 4E ), indicating the mature extent of Jagged-1-educated DCs is lower than of LPS-educated DCs.
In another aspect, IL-12 release is functionally characteristic of DC maturation and also crucial for mature DCs to mediate Th1 differentiation, which may enhance immune responses. Mature DCs can direct A-C, 24 hours after treatment of LPS or Jagged-1 or DAPT that was added 2 h before addition of Jagged-1, the cytoplasmic proteins from Jagged-1-educated DCs (by addition of 5 mg/L of a soluble Jagged-1/Fc chimera protein after the induction and immunomagnetic separation), LPS-educated DCs (by addition of 1 mg/L of LPS after the induction and immuno-magnetic separation), GM-CSF-induced DCs (by induction of 10.0 µg/L of GM-CSF plus 2.5 µg/L of IL-4, then through immuno-magnetic separation) and DAPTtreated DCs (by addition of 5 µmol/L of DAPT 2 h before putting Jagged-1 for 24 h after the induction and immuno-magnetic separation) were analyzed through Western Blot for measuring levels of NICD (A), Deltex-1 (B) and Hes-1 (C), respectively; D-F, Flow cytometrey was used to detect CD11c and CD40 molecule expression on the surface of GM-CSF-induced DCs (D), LPS-educated DCs (E) and Jagged-1-educated DCs (F), which was displayed respectively by the single parameter diagrams; G and H, The levels of IL-12 (G) and IFN-γ (H) secreted by Jagged-1-educated DCs or LPS-educated DCs or GM-CSF-induced DCs or DAPT-treated DCs were measured by ELISA. These data are representative of three independent experiments. *P<0.05, compared with the corresponding control.
differentiation of naïve CD4 + T cells into Th1 cells through IL-12 and interaction between DCs and T cells [22] [23] [24] . Therefore, the amount of IL-12 in the culture supernatant of Jagged-1-educated DCs was assessed by ELISA. Compared with GM-CSF-induced DCs, the level of IL-12 produced by Jagged-1-educated DCs was moderately augmented, but was much lower than that by LPS-educated DCs (Figure 4G) , consistent with the moderate up-regulation of the CD40 molecule on the surface of Jagged-1-educated DCs described above. Through correlation analysis, we found that there was a significantly positive correlation between IL-12 and IFN-γsecreted by DCs in the different groups (r=0.97, P<0.01), and there existed a significantly positive correlation between the changes of IL-12 and the alteration of the surface area or the width of DCs in the different groups, respectively (r=0.89, P<0.05 or r=0.89, P<0.05). This strongly provides evidence that the morphological changes of Jagged-1-educated DCs or LPS-educated DCs match their functional alterations. The enhancement of the surface area, width and surface roughness of Jagged-1-educated DCs is favorable for the production of co-stimulating molecules, such as the determined CD40, on the cell surface, resulting in the ability of Jagged-1-educated DCs to dispose of antigens being transferred to the capability to stimulate the differentiation of T cells. As the enhancement is limited, compared with LPS-educated DCs, the levels of the yielded IL-12 and IFN-γ are still much lower than LPS-educated DCs. Consequently, Jagged-1-educated DCs do not mainly promote polarization of Th1, but might do polarization of other CD4 + T cell subsets. Combining the morphological changes with the phenotype and functional values of Jagged-1-educated DCs, it may be concluded that Jagged-1-educated DCs are in a semimature status. In terms of reports, NF-kappaB plays a major role in DC maturation and activation of it would lead to the production of IL-12 [25, 26] . Blocking Notch signaling by DAPT may inhibit Jagged-1-activated STAT3 signaling, which might in turn relieve NF-kappaB signaling and suppress IL-12 secretion.
Simultaneously, LPS-educated DCs had the ability to secret a high level of IFN-γ with around a 5 fold increase, but the level of it in Jagged-1-educated DCs did not change ( Figure 4H ). In terms of reports, NF-kappaB plays a major role in regulation of DC maturation and LPS-mediated activation of NF-kappaB in DCs may lead to the production of IL-12 [25, 27] . IFN-γ is considered to be Th1 cytokine. LPS-educated DCs that mainly produce IL-12 and IFN-γ, therefore, have function to direct deviation of naïve CD4 + T cells toward Th1 cells. On the contrary, Jagged-1-educated DCs might function to instruct deviation of naïve CD4 + T cells toward other subsets of Th cells. As reported, Curdlan induced DC-mediated Th17 polarization via Jagged1 activation in human dendritic cells [28] . Jagged-1 can promote DCs to yield a high level of Th2 cytokines, such as IL-10 [17] , supporting this potential role of Jagged-1-educated DCs. In addition, our previous study showed that the level of MHC-II molecule expression on the surface of DCs stimulated by Jagged-1 was significantly lower than that stimulated by LPS, and the level of CD80 expression was near to that educated by LPS. Jagged-1 had no influence on the expression of CD86 molecule on the surface of DCs [9] . This phenotypic difference between both Jagged-1-educated and LPS-educated DCs provides strong evidence of supporting the above found nano-characterization of Jagged-1-educated DCs.
Taken together, all the results suggest that Jagged-1-educated DCs appear to be in a semi-mature status, with a unique function distinguished from LPS-educated DCs. Jagged-1-educated DCs may mediate the deviation of naïve CD4 + T cells to Th2 or other T effector subsets, but LPS-educated DCs are responsible for the deviation of naïve CD4 + T cells to Th1 subset. The differentiation of GM-CSF-induced DCs into Jagged-1-educated DCs may be associated with the activation of Jagged-1-Noth signaling pathway, but the differentiation of GM-CSF-induced DCs into LPS-educated DCs may not involve the activation of Jagged-1-Noth signaling pathway.
